Database search is probably the most widely used approach to predict the biological function of a newly determined protein sequence. If two large proteins share only a few common domains, detection of homology often becomes problematic. First, random identities present in the alignment may 'mask' the biologically important sequence patterns (Barker et al., 1988; Baron et al., 1991). Second, search programs such as FASTA (Lipman and Pearson, 1985), FASTDB (Brutlag et al., 1990) or BLAST3 (Altschul and Lipman, 1990) give only the best homology regions between the query and a database entry, so weaker homologies between the query and the same entry can remain undetected.
Introduction
Database search is probably the most widely used approach to predict the biological function of a newly determined protein sequence. If two large proteins share only a few common domains, detection of homology often becomes problematic. First, random identities present in the alignment may 'mask' the biologically important sequence patterns (Barker et al., 1988; Baron et al., 1991) . Second, search programs such as FASTA (Lipman and Pearson, 1985) , FASTDB (Brutlag et al., 1990) or BLAST3 (Altschul and Lipman, 1990) give only the best homology regions between the query and a database entry, so weaker homologies between the query and the same entry can remain undetected.
SBASE is a comprehensive collection of over 27 000 annotated protein sequence segments consistendy named by structure, function, biased composition, binding specificity and/or similarity to other proteins. SBASE can be considered as a conversion of the protein sequence database into a format that facilitates detection of functional and structural similarities rather than sequence homologies. Searching this database with FASTA or FASTDB yields information on the potential functions of the detected homology regions which may allow or at least facilitate the detection of domain homologies and prediction of function.
Description of the database Sources of domain sequence data
Sequence data in SBASE originate from three different sources: (i) from the SWISS-PROT protein sequence databank (Bairoch and Boeckmann, 1992) ; (ii) from the Protein Sequence Database of the Protein Identification Resource (PIR) (Barker et al., 1992) ; and (iii) from the literature. These entries are either keyed in manually or are extracted and translated from the EMBL (Higgins et al., 1992) or GenBank (Burks et al., 1992) nucleotide sequence databases.
Definitions of domains
Domains included in SBASE are sequence segments with known structure and/or function. Several main types of domains are defined as follows, (i) Structural domains are sequence segments with a known structure [like the protein modules (Bork, 1992) such as epidermal growth factor-like (EGF-like) domains, immunoglobulin-like (IG-like) domains], biased composition (e.g. serine/threonine-rich domains) as well as various sequence repeats, (ii) Homology domains are regions of homology to other proteins detected by the original authors. These homology regions are less well characterized then the 'established' structural domains but can be eventually used to define further domain types, (iii) Ligand binding domains are sequence segments known to bind specific ligands (such as DNA, metals, sugars, etc.) (iv) Cellular location domains are sequence segments known to be involved in targeting (signal peptides, nuclear-localization signals, chloroplast transit peptides), as well as domains of transmembrane proteins (cytoplasmic, transmembrane and extracellular domains). Redundancy of sequences in SBASE is kept to a minimum. In some cases, however, domains are defined in an overlapping fashion. For example, an extracellular domain (cellular location domain) may contain epidermal growth factor type repeats which are also represented as individual entries. In order to facilitate retrieval of sequences belonging to the same domain type SBASE domain names are standardized. Examples of these standardized names/keywords are listed in Table I. Table II lists the main domain types included in SBASE. Each of the main domain types is represented by domain group and the number of corresponding entries in SBASE are given in the table.
Domain boundaries are used as defined by the original authors or are determined by similarity to domains with defined boundaries. The statistical distribution of sequence lengths in SBASE is summarized in the histogram in Figure 1 . Format The SBASE domain library is composed of domain sequence entries. Each entry is composed of lines, with a format similar to that used by the EMBL and SWISS-PROT databases. A sample entry is shown in Figure 2 . The name of the domain is contained in the DE (definition) lines and is also partly repeated in the ID SBASE is distributed in the following two formats: the IG concatenated format (annotations + sequences) and the FASTA format (only sequences), along with a keyword-based Sun-UNIX retrieval tool and documentation. For release 1.0, the two formats occupy 17.2 and 2.2 Mb, respectively.
Cross-references SBASE 1.0 is cross-referenced with the following databases: SWISS-PROT protein sequence databank (Bairoch and Boeckmann, 1992) , PIR, the protein sequence database of the Protein Identification Resource (Barker et al., 1992) , EMBL (Higgins et al., 1992) , GenBank (Burks et al., 1992) , HTV, the human retrovirus and AIDS database (McKusick, 1990; Myers, 1990) , OMIM, McKusick's database of the Mendelian Inheritance in Man, REBASE, the database of type 2 restriction enzymes (Roberts and Macelis, 1992) and PROSITE, the dictionary of Protein Sites and Patterns (Bairoch, 1992) . The cross-references are given in the DR lines of the entry.
The number of SBASE entries corresponding to several characteristic domain groups and the number of those among them cross-referenced to the corresponding PROSITE patterns (if existent), are given in Table I . These data show that some of the annotated domain sequences in SBASE are, in fact, not detected by PROSITE. Search/retrieval tools SBASE was originally developed in the UNIX environment (SUN 4/390, Sun OS 4.1.1) containing the IntelliGenetics sequence analysis package (IntelliGenetics, 1991) .
The FASTA and the IG-formatted versions of SBASE can be 392 searched by standard search-tools FASTA (Barker et al., 1988) and FASTDB (Baron etal., 1991) respectively, as well as program SCAN (Simon etal., 1992) which is based on a window-sliding algorithm. SCAN performs individual searches using overlapping parts of the query and presents the results as a list of best domain-homologies along the query sequence. DRP is a menu-oriented keyword-based retrieval program which allows viewing and saving of SBASE entries using any word occurring in the annotations as a keyword. DRP is a C shell script developed under Sun OS 4.1.1. DRP uses the WAISINDEX and WAISSEARCH programs originally developed as a part of the WAIS Wide Area Information Software Server (WAIS, 1991) .
Contents of SBASE release 1.0 SBASE 1.0 (April 1992) contains 27 211 domain sequence entries comprising 1 551 445 amino acids. The complete database (both annotations and sequences) requires 17.2 Mb, and SBASE in FASTA format (sequences only) 2.2 Mb of disk storage space. Program DRP is distributed together with SBASE. DRP uses additionally a set of index files requiring 12 Mb of disk space. Distribution SBASE is distributed by Anonymous ftp from <ftp.icgeb.trieste.it>. Individual entries are available through the gopher server (Alberti etal., 1991 (Alberti etal., -1992 of ICGEB. Copies of SCAN are also available from the authors < pongor@icgeb.trieste.it >. Detection of domain homologies using SBASE Current methods of detecting domain homologies are based on a priori known consensus structures, represented as consensus sequences or regular expressions (Abarbanel et aL, 1982; Patthy, Nd a, number of SBASE records cross-referenced to any PROSITE entry; b, number of cross-references to the PROSITE key corresponding to the domain type. Ns, corresponding key not specified in PROSITE; Nd, not determined.
•Regions of homology to other proteins, excluding those listed as structural domains (e.g. EGF-like).
1987), frequency-matrices (Gribskov et al., 1987; Staden, 1988) or homology blocks (Posfai et al., 1989; Seto et al., 1990; Smith et al., 1990; Hennikoff and Hennikoff, 1991) . Database searching (e.g. FAST A, FASTDB) in itself does not require prior knowledge of the consensus structure of a domain but suffers from many technical drawbacks. For example, the outputs are usually not easy to interpret in terms of domain homologies. This problem is partly solved by using a database in which the entries are labeled by structure and function, which makes it possible to get output lists that are easy to interpret. The second type of problem is caused by random identities that are outside the region of interest and that may outscore biologically important alignment patterns. This problem can be partly solved by using a domain database, since the entries only contain the 'important' (i.e. annotated) part. This solution is not always satisfactory however, since the domain library may contain a large number of closely homologous entries which will thus occupy the top positions in the list, obscuring the more distantly homologous entries. The problem can be helped however, if one conducts separate database searches against SBASE by sliding a window of given length (usually 10-30 residues) along the query (Simon et al., 1992) . This procedure results in an ordered list of local homologies along the sequence. In other words, the amino acid sequence is transformed into a sequence of possible domain homologies that is quite simple to evaluate. This can be especially useful in the case of nucleic acid binding proteins that are known to have domains of very loosely defined structure. An example of analysis is illustrated in Figure 3 using brain specific protein 4 (Brain-4, BRN-4_RAT in SWISS-PROT) as the query. Brain-4 is a DNA binding protein of 336 amino acids that contains two well defined domains, the homeobox and the Residue position Fig. 3 . Graphic representation of the homology search of the Brain-4 protein sequence, obtained by a SCAN (IntelliGenetics, 1991) search of the SBASE domain library, using a window of length 30 and increment of 2 residues (database search performed at every second residue). The result for each 30-residue long query fragment (window) is given as a value of the position of its beginning. The y-axis corresponds to the value of the initial score and the statistical significance value (Brutlag a al., 1990) . Inset A: partial list of best homologies for the homeobox domain. Inset B: graphic representation of the detected homologies.
POU domain. The homeobox is a well-conserved protein domain of 60 amino acids (Gehring and Hiromi, 1986; Gehring, 1987; Schofield, 1987; Scott etal., 1989) which was first identified in a number of Drosophila homeotic and segmentation proteins. It has since been found in many other organisms including vertebrates and yeast (mating type proteins). Some of the proteins containing the homeobox are known to be transcription factors, e.g. liver-specific transcription factor LF-B1 (HNFl-a and /3). Homeobox domains can be further classified into subfamilies according to their homologies to the Drosophila genes engrailed, antennapedia and paired. The 'POU' domain is 70-75 residues long and is found upstream of a homeobox domain in some eukaryotic transcription factors; it is thought to confer site-specific DNA binding and to mediate protein -protein interaction on DN A (Herr et al., 1988; Levine and Hoey, 1988; Robertson, 1988; Rosenfeld, 1991; Schoeler, 1991; Treacy etal., 1991) . Apart from the mammalian brain-specific proteins Brain-1 (Brn-1), Brain-2 (Bm-2) and Brain-3, the POU domain can be found, among others, in Oct-1 (or OTF-1, NF-A1), a transcription factor for small nuclear RNA and histone H2B genes. The results summarized in Figure 3 show high levels of homology at regions corresponding to the homeobox and POU domains. The list of homeobox homologies (Figure 3 , inset A) shows that this domain is similar to a closely related group of homeoboxes present in POU-containing transcription factors. This group seems to be more closely related to the paired type subfamily than to an engrailed or antennapedia subfamily of homeoboxes (data not shown). The N-terminal region shows spurious similarities that correspond to various domains rich in glycine, alanine and proline, as indicated with shaded boxes in inset B. The best homologies found in these regions are as follows:
Region I (1-32):
Region H (65-112):
Region ffl (125-176):
Modulating domain of the androgen receptor from mouse, rat and man; Steroid binding domain of estrogen receptors; RNA binding domain of fibrillarin from man, rat and frog, a component of the small nuclear ribonucleoprotein particle; Modulating domain of retinoic acid receptors.
Even though these homologies are not mathematically significant, it is worthwhile to point out that they all refer to a well-defined biochemical context, nuclear proteins involved in nucleic acid binding. This information can be used to design biological experiments and to attempt building consensus patterns for new homology groups. Finally we mention that SBASE can be useful as a catalog of annotated segments in order to develop consensus representations, using programs such as PIMA (Smith and Smith, 1990) , PROTOMAT (Hennikoff and Hennikoff, 1991) or MOTIF (Smith et al., 1990) .
Future work
Further work on SBASE will be carried out in two main directions. First, standardization of domain names will continue so as to allow easy retrieval of more domain types. Second, automated procedures are being developed in order to identify new homologs of SBASE entries in protein and nucleic databases which will be added to the database as domain candidates.
